In order to provide for electron-proton collisions in the PEP system, plans for a high-energy superconducting proton storage ring are being explored. The energy is constrained to 300 GeV by the radius of the PEP tunnel (350 meters) and the field strength (7 tesla) expected to be available in practical superconducting magnets. A new configuration has been developed in which the proton ring vertically crosses the horizontal electron ring in 4 of the 6 straight-sections. Synchronization of the two beams is provided by means of bypasses in the two non-crossing straight sections in the electron ring. The proton injector is a 5 GeV/c synchrotron 1/18 as large as the main ring.
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Geometry and Lattice
The space needed for RF, injection, and other purposes, requires that orbits cross only in four of the six long straight sections. One must then choose whether the rings are to be separated horizontally or vertically. The latter is preferable because it facilitates path-length equilization between crossings and conserves tunnel space.
A fundamental question concerns which ring should be flat, and which one should have vertical displacements. The momentum of the electrons makes them easier to bend to cross a planar proton ring than the opposite. However, if this is done, strong electron dipoles needed near the interaction region will make copious synchrotron radiation, difficult to shield from the detectors. Therefore, we have chosen to investigate a scheme in which the electron path is entirely straight through the insertion, and the proton beam is bent vertically.
To avoid bending the electrons near the crossings, the beams must be separated through the use of a crossing angle and a proton septum-magnet system. Unfortunately, a large angle which makes the proton septum magnets easier, also reudces luminosity. Therefore, the crossing angle should be made as small as reasonable magnet construction and power considerations permit. We have provisionally chosen this angle to be 2 mrad.
We have thus arrived at an overall design that leaves the e-ring in the mid-plane, with the p-ring crossing it at four interaction points, (I.P.) and passing parallel at the other two. The p-ring between crossings is alternately above and below the e-ring separated vertically by 0.75 meters.
Crossing Region
For the design of the crossing regions a proper order of proton and electron quadrupoles and dipoles is essential. There are numerous possibilities; at present we favor the scheme shown in Fig. 1 , which gives a vertical view of one side of an experimental crossing insertion. The beams cross at the I.P. on the 1hft of the figure and traverse the electron quadrupoles IQ and 2Q. The electrons then drift 42 meters to the doublet 3Q and 4Q, which precede the bending arc of the sextant. The protons then traverse the (conventional) septum quadrupoles Ql and Q2. Thus low-beta quadrupoles are placed on each beam as close as possible to the I.P. This minimizes the beta-functions at the I.P., and increases the luminosity.
After Ql and Q2 the p-beam traverses the vertical Thus we restrict the number of electrons to 8 x 1012, requiring 12 MW power at 15 GeV, which can be provided by the present 24 cavities and 12 additional klystrons (24 total). Provision of the required 1.5 x 10 protons, with a normalized emittance of Sr mm-mrad in both planes is straight-forward, as described in the section on injection.
The proton Ql, Q2 quadrupoles are about 50% further from the I.P. than the electron 1Q, 2Q. In order to equalize the maximum s-values in these quadrupoles, the proton betas at the I.P. should be about twice as large as those of the electrons. To match beam sizes the electron emittance is made twice the proton value, with full coupling assumed.
As luminosity varies inversely with number of bunches, this number is chosen as small as possible consistent with limits on the allowable beam-beam tune shifts, which are taken to be .06 for electrons and .005 for protons.
The principal operating parameters affecting experimental performance are shown in Table I .
Space Requirements and Energy Variations
Many accelerator components in the electron and proton rings, apart from the magnets, must be installed in the straight sections where free space is available. A preliminary examination of space requirements has led to thefollowingconclusions. First, the electron beam RF system and the electron injection system will make major demands on space around the electron ring, as is true in the present PEP design. Second, by-passes for varying beam pathlength will be required in the electron ring, in order to synchronize electron and proton bunches at different proton energies. Third, the injection system and two RF systems, for acceleration and final bunching, will require considerable room in the proton ring. At present, it appears that there is sufficient space in the two rings to accommodate all of these components. Figure 4 shows that this energy range can be spanned by many combinations of electron and proton energies. However, several constraints apply. First, it is desirable to minimize the pathlength variations and the difficulties in bunch synchronization. Second, minimizing the number of discrete proton energies would simplify the operation of the pathlength variation bypass in the electron ring. Thi rd, the electron ring must be operated above some minimum energy, possibly 3 GeV or 4 GeV because of the intr4-beam scattering. Fig. 4 
